Abstract -The study of food habits of the broadnose sevengill shark (Notorynchus cepedianus) based on the observation of the stomach contents of 22 individuals, revealed the importance of marine mammals as part of the shark's diet. The analysis showed that marine mammals represent at least 30% of the total consumed biomass by broadnose sevengill sharks. The frequency of occurrence was estimated to be 35%. The three pinnipeds with local distribution and at least two species of cetaceans were consumed. Although consumption of marine mammal was high, there was no evidence of direct attack on living preys by N. cepedianus, in Argentine waters.
Introduction
Shark predation on marine mammals has been reported worldwide. For example, Leatherwood et al. (1972) and Ainley et al. (1981) described attacks by sharks on many species of seals and dolphins off California. Cockcroft et al. (1989) mentioned predation by sharks on bottlenose dolphins (Tursiops truncatus) off Natal, South Africa. Brodie and Beck (1982) reported shark attacks on gray seals (Halichoerus grypus) in eastern Canada. Some authors suggested that shark predation may influence the marine mammal population dynamics. Such may be the case for the Hawaiian monk seal (Monachus schauinslandi), where shark predation is considered to be an important mortality factor (Kenyon, 1981) . Ainley et al. (1985) speculated how this interaction could have influenced the population dynamics of the northern elephant seal (Mirounga angustirostris), by delaying the weaning of pups until the sharks are no longer concentrated around the breeding site. Würsig and Würsig (1980) also suggested that dusky dolphins (Lagenorhynchus obscurus) in Patagonia rest close to the shore, in order to avoid shark predation. The broadnose sevengill shark (Notorynchus cepedianus) is one of the five shark species that frequently attack cetaceans (Heithaus, 2001) . Praderi (1985) reported broadnose sevengill attacks on the franciscana dolphin (Pontoporia blainvillei) in Uruguayan waters, describing the species as a very voracious one. Ebert (1991a) also observed that this species heavily predates on marine mammals in South African waters.
N. cepedianus is a benthic and neritic species inhabiting the continental shelf in temperate seas in both hemispheres. It is common in shallow waters and sometimes it can be seen or caught close to the shore, but larger individuals are found in deeper waters (Compagno, 1984) . According to this author, the maximum length recorded for the broadnose sevengill shark was 290cm. However, as he recognized, when he states that the species may reach up to 400cm he may have confused with an old record of a bluntonse sixgill shark Hexanchus griseus.
Fragments of a southern elephant seal (Mirounga leonina) in the stomach of a broadnose sevengill shark in Patagonian waters is the only record suggesting that sharks may feed upon marine mammals in Argentina (Falabella et al., 1996 2 ). Over the past few years, several sharks of this species were collected by sport fishing, the longline fishery for tope shark (Galeorhynus galeus) and as by-catch in the Argentine hake (Merluccius hubbsi) and Argentine red shrimp (Pleoticus muelleri) fisheries. The aim of this paper is to report new information regarding the consumption of marine mammals by broadnose sevengill sharks in Patagonia.
Material and Methods
The stomach contents of 22 broadnose sevengill sharks was analyzed. These individuals were captured as by-catch in the Argentine hake bottom trawl fishery (n=10), Argentine red shrimp twin-beam trawl fishery (n=4), tope shark longline fishery (n=6) and fishing cane sport fishery (n=1) ( Table 1 ). In addition to our sample, we analyzed the contents of the individual studied by Falabella et al. (1996) . The sharks were identified based on Compagno (1984) and Menni et al. (1984) . They were sexed, weighed and measured in the Marine Mammals Laboratory (LAMAMA 3 ). Finally, the sharks were dissected and the digestive tracts preserved frozen for further analysis. Food items were determined according to the methodology described by Koen Alonso et al. (1998) . Prey species were identified and quantified from fish otoliths or bones, squid beaks, and crustacean exoskeletons by means of the LAMAMA reference collection and published catalogues (Clarke, 1986; Boschi et al., 1992; Volpedo and Echeverría, 2000) . In order to estimate the total length and weight of preys (other than marine mammals), published regressions calculated by Koen Alonso et al. (1998) were applied. The biomass for a 51cm chunk of tail of a scombrid (Scombridae) was estimated by comparison with reference material of the LAMAMA collection. Marine mammal remains in the stomach contents were weight as they were found, and identified by direct observation (bones and coloration of the skin for cetaceans and fur characteristics for pinnipeds). Samples of marine mammal tissue were collected and frozen (-20ºC) in order to identify the species through DNA analysis. For each prey item the percentage frequency of occurrence (%FO) was estimated following Cortés (1997) . Homogeneity of the sample in terms of sexual maturity and sex composition was examined by means of a Fisher Exact Test. The lengths at sexual maturity used were 165 cm for males and 200cm for female (Compagno, 1984) .
Results and Discussion
Our sample consisted of 17 females with lengths ranging from 107 to 244cm; and of five males ranging from 128 to 175cm (Table 1) . This sample could be biased as a consequence of size or sex segregation, which is very common in many shark species (Compagno, 1984) . However, no bias was found regarding sex nor sexual maturity (Fisher Exact Test p>0.5).
Out of 22 stomachs examined, two were empty, seven contained marine mammals (35 %FO) and 17 contained fishes and squids (85 %FO). Five stomachs presented marine mammal remains exclusively. Pinnipeds were found in five stomachs: South American sea lion (Otaria flavescens) (n=3), South American fur seal (Arctocephalus australis) (n=1) and southern elephant seal (n=1) ( Table 2) . Cetaceans were found in three stomachs; however there is some degree of uncertainty in the species identification. Two of the samples containing cetaceans were taken at Golfo Nuevo (42º43´S, 64º56'W) and one was collected at Golfo San Jorge (45º14'S, 66º42'W). One of the sharks from Golfo Nuevo presented a small piece of cetacean remains (four pieces between 0.021 and 0.048kg of muscle with bubbler) with black skin. Most species of cetaceans suffer a post-mortem darkening which makes difficult the identification of the species. This piece is likely to be from a dusky dolphin, due to the higher frequency of this species at Golfo Nuevo (LAMAMA, unpublished data). The other shark captured at Golfo Nuevo presented a thick piece of blubber (the measures were 10.5cm x 5cm x 4.8cm and weight 0.15kg); probably belonging to a large cetacean. The most common large cetacean in the area is the southern right whale (Eubalaena australis) but there is no certainty about the identification of this species. The third sample with cetacean remains was collected from a shark caught at Golfo San Jorge. It was a tail 17.3cm long, fluke width (tip to tip) 20.5cm and weight 0.254kg (Fig.1) . This sample could belong either to a dusky dolphin, a Commerson´s dolphin (Cephalorhynchus commersonii) or a Peale´s dolphin (Lagenorhynchus australis), all of which are frequently seen in the area. Burmeister´s porpoise was discarded due to the shape of the caudal vertebrae found in the stomach. Common and bottlenosed dolphins were also discarded as potential preys because they are not present in the area.
The total biomass of marine mammals found in the set of stomachs analyzed was 8.68kg, representing almost 30% of the total estimated consumed biomass. The South American sea lion accounted for 10.24% of the consumed biomass, the South American fur seal 6.7%, the southern elephant seal 10.6%, and all cetaceans combined only 1.82%. The remaining percentage was fish and squid. However, this estimation could be negatively biased, because the biomass of marine mammals found in the stomachs was weighed directly, without regard for the biomass already digested. In three individuals, at least, the degree of digestion was very advanced, hence the weight of the pieces originally consumed was underrepresented (Table 2 ). On the other hand, the biomass of fish and squid consumed was estimated by means of regressions based on hard structures found in the stomachs. However, the frequency of occurrence of marine mammals could be overestimated because digestion time for these items is expected to be longer than for fishes, increasing the probability of the capture of a shark with marine mammal remains. Besides this paper and Falabella et al. (1996) , there is only one previous record of broadnose sevengill shark predation on marine mammals in the southwestern Atlantic. Praderi (1985) reported for the Uruguayan coast that 17% of the stomach contents of N. cepedianus contained franciscanas and that 1% contained South American sea lions, pointing out that this shark usually predates on marine mammals. In the present study, 15% of the sampled stomachs contained cetaceans, while 25% contained pinnipeds. The overall frequency of occurrence of marine mammals in the stomachs was 35%. This confirms Praderi's (1985) statement that marine mammals are a frequent item in the diet of N. cepedianus. Similarly, Ebert (2002) observed that marine mammals composed almost one third of the diet of N. cepedianus in cepedianus in California, USA, and in Southern Africa. Despite our small sample size, pinnipeds were more abundant than cetaceans in the stomach contents. In addition to the limited swimming skills of pinnipeds with respect to cetaceans, this could be also related to the higher relative abundance of pinnipeds in the area. South American sea lions are estimated to number over 70,000 individuals in northern and central Patagonia (Dans et al., 1996, accepted manuscript 4 ; Reyes et al., 1999) and the population of southern elephant seals in Península Valdés area was estimated to be around 51,000 individuals (Lewis and Campagna, 2002) . In contrast, population size estimates for dusky and Commerson´s dolphins (the most abundant small cetaceans in the area), are around 11,000 (Schiavini et al., 1999) and 2,600 respectively (Pedraza et al., submitted 5 ) considering for both dolphins the upper confidence limit of the estimation. It seems to be a real fact of the higher abundance of pinnipeds in the area with respect to small cetaceans.
In addition to marine mammals, a total of seventeen prey species of fish and squid were identified (Table 3 ). The percentage frequency of occurrence was 60% for bony fishes, 35% for chondrichthyans, 25% for cephalopods and 5% for hagfish. The total estimated biomass of fish and squid was 21.2kg. One Argentine seabass (Acanthistius brasilianus) was recognized by bones without available regression, and thus excluded from this estimation. Even though, this bias can be ignored due to the insignificant amount of remains found. In spite of the small size of the sample, it seems that sharks that consumed marine mammals were larger than those that did not (Fig.2) bony fishes to chondrichthyans with growth and sexual maturity. Marine mammals then, become increasingly important for larger size classes of N. cepedianus (Ebert, 2002) . Although the consumption of marine mammals can be considered important for N. cepedianus, there is no direct evidence that predation exist in the study area. Nevertheless, Ebert (1991b) described the predatory behavior of broadnose sevengill shark on marine mammals and other preys in South Africa, confirming that the species actively pursuits or ambushes its preys. The frequency of occurrence of marine mammal items found in shark stomachs appears to be too high to be solely related to scavenging (Ebert, 1991a) . Leatherwood et al. (1972) observed shark attacks on dolphins only when they were dead or entangled in fishing nets. Ross and Bass (1971) found that the aggressive behavior of some shark species is more frequent on sick or heavily parasitized dolphins. Attacks on marine mammals have not been recorded during this investigation; however scars on Commerson's dolphins in Bahía Engaño (43º20´S, 65º00´W) could be attributed to shark bites (LAMAMA, unpublished data). South American sea lions and elephant seals have also been recorded with scars. Whether these wounds were inflicted by N. cepedianus, or resulted from intraspecific aggressive behavior, could not be determined, but considering the high proportion of marine mammals in shark stomach contents, its aggressive behavior, and its relative high abundance in the area, some shark-caused lesions are expected. Obviously it is not discarded that broadnose sevengill shark feed of carrion, since it is a very versatile predator which is known to exploit a broad variety of food resources. 
